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This invention relates to apparatus for the parallel 
performance of a plurality. of_ chemical reaction sequences- 
Apparatus of this kind is suitable particular ly~for the 
synthesis of po' /per molecules, such as nucleotides, 
proteins, etc. on a carrier material such as, for example, 
glass, silica gel or some other suitable material. 

The chemical synthesis of such polymer molecules 
is usually carried out in reaction chambers ie.g. 
frits, columns, etc.) in which the first building block 
of the molecule for synthesis is present in a form 
in which it is fixed to the corresponding polymer material 
and the reage nts required for synthesis are added either 
manually or automatically. 

It is in the nature of the reaction sequences 
that the synthesis of a relatively long-chain molecule 
takes a relatively long time. If a plurality of 
different polymor molecules synthesized from the same 
building blocks aie required, then the time taken until 
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all the required synthesis products are available is 
ortsr. unaeccptibl-y lon«- There is therefore a need for a 
possibility of simultaneously synthesizing a plurality of 
different polymer molecules from tho same reagents. In 
5 this - sense the object of the invention is to provide 
apparatus with which a plurality of reaction sequences 
can be performed simultaneously. 
SUMMARY QF THE INVENTION 

Thus the present invention provides an apparatus for 

10 performing chemical reaction" s~equ"en~ce a; characterised by: 
a first number n of reaction discs which are superposed 
in the form of a stack and are individually displaceable 
relatively to one another, means for defining the 
displacement in a second nunber n of identical steps, n 
15 continuous bores disposed in the discs at the step 
distances from one another, one of the bores being 
widened out per disc to fom a reaction chamber, means 
for retaining a support material in the reaction chamber 
on the flow of a reagent therethrough; and concentric 
20 grooves in the undersides of the reaction discs around 
the bores, the grooves containing O-rings. 

The apparatus is intended more particularly for the 
simultaneous synthesis of a plurality of DNA and RNA 
segments of different chain lengths and sequence on a 
^25 polymer support mate rial. In these conditions the DN" 
segments are synthesized Tn known manner fFom" 
mononucleotides, it being possible to use any desired 
suitable^suppcr^M.taria; , preferably gl ass particles , 
and various synthesis strategies, preferably the tri- 
30 ester or the phosphite tri-ester process. 

One exemplified embodiment of the invention will be 
described hereinafter with reference to the accompanying 
drawings wherein; 

Fig. 1 is a partial section of an apparatus with ten 
35 reaction discs, shown in perspective. 

Fig. 2 is a top plan view of a single reaction disc. 
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Fig. 1 illustrates an apparatus for the simultaneous 
_sj^thes_is__of ten different DNA segments, the support 
used being a polymer granulate. The first buildinc; 
block of t be . chains^ to_be_ synthesized is already disposed 
on the support before the synthesis starts. 

The apparatus consists of a stack of concentrically 
superposed round discs, which are formed with a plurality 
of duct systems. The reaction-discs 1 - 1 0 are asso c ia_ted_ 
with the ten oligonucleotides for synthesis, i.e. a 
specific oligonucleotide is synthesized in each reaction 
disc. To th. 3 end, for example, the first reaction 
disc 1 has a reaction chamber 11 in the form of a bore 
disposed approximately midway between the axis and 
the edge of the 'disc and extending from the top surface 
to about three-quarters of the disc thickness. The 
chamber is intended to receive the support granulate. 
At the top edge the chamber has a peripheral widening 
to receive a frit 12, which closes the reaction chamber 
11 at the top. Another frit 13 is provided in a concervtri 

recess in crrre^bctrom~of- t^e—c^ambe^and—torms the-batxeua 

closure for the chamber 11 with respect to a continuous 

bore ot very snarri— dr*mete-rr— e-rg-i — num — leading frnm — „ 

the bottom of the chamber to the underside of the disc. 

In addition to the reaction chamber 11, the reaction 
disc 1 has four continuous bores 14 of the same small 
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diameter, e.g. 1 mm. These bores are offset by 72°, 
144°, 216° and 288* respectively from the reaction 



The other reaction discs are constructed in the 
same way. They are individually rotatable relatively 
to one another about a central connecting element. 

The immediately adjacent reaction disc 2 is shown 
turned through 144° in the drawing so that its reaction 
chamber 15 i s"~s" it'uate'd coaxial ly of the bore 14 of 
the first disc 1 . 

The next reaction disc 3, which is not shown in 
section in the drawing, is again in the position in 
which its reaction chamber - which .will be seen from 
the frit 16 - is in alignment with the reaction chamber 
11 of the disc 1. A bore 17 offset by 72° can be 
seen at disc 3 . 

Ths stack of reaction discs 1 - 10 is bounded by 
a top connecting disc 18 for connecting the reagent 
feed hoses and a bottom connecting disc 21 for connecti: y 
the discharge hoses. The top connecting disc 18 has 
screwthreaded bores 19 in line with the ducts and reactior. 
chambers in the reaction discs to receive fittings 
for the feed hoses. The bores 19 which extend approxi- 
mately to three-quarters of the disc thickness continue, 
as in the case of the reaction chambers, in the form 
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of continuous ..naxxow bores as far as the underside 
.of the plate. The bottom _cqnnec ting- disc- 2-1- may- be " 
either identical to .the .too disc or -lsc have a single 
collecting duct (not shown) if the spent reagents do 
not have to be discharged separately. 

On their undersides, the reaction discs 1 - 10 
and the connecting disc 18 have grooves which enclose 
the narrow bores in the form of a ring to receive O- 
rings by means of which the ducts ar- sealed at the 
transitions between the discs. Thei-e sealing systems 
have been omitted from the drawing in order not to 
overload it. 

A top biasing disc 20 is disposed above the top 
connecting disc 18 and similarly a hottom biasing -disc 
11 is provided beneath the bottom connec^ny disc 21. 
These discs 20 , 22 transmit to the stack the force 
produced by a bolt 23 acting as the central connecting 
element and extending through an axial bore passing 
through the entire stack, said bolt having a screw- 
threaded connection {nut 24). This biasing force 
so- pres-ses - the"d i *cs ~^on one"7nothe~r"as to" guarantee 
absolute sealing-tightness of the ducts and eliminate 
any possible dead space inside the sealing rings. 
Appropriate alignment of the reaction discs 1 
10 causes their reaction chambers and bores to be 
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so aligned that four ducts are fomed in the stack, 
each of these now being fed with one of the mono- 
nucleotides A, T, C or G (denoted by arrows in the 
drawing) so that the g"rbwing~Dt$A fragments are simult- 
aneously lengthened by the corresponding nucleotide. 

To this end, the reaction chamber 11 "of disc 1 
is brougi.w for \.he appropriate time into the duct whose 
nucleotide is being \dded (in the drawing it is in 
the duct in which T is bei.^g introduced, while the 
chamber of disc 2 is in the C-duct in which, therefore, 
C is added on in the same time as T in the case of 
disc 1. All the reactions and washi;*.-; processes required 
for the addition of the mononucleotides (buffer group 
separation, capping, and possibly oxidation) also take 
place simultaneously (continuous flow pToc---**. On 
completion of an addition cycle, the individual discs 
are so rotated that their chambers are in the duct 
of the next nucleotide to be added. In order to turn 
the discs, nut 24 is released &nd then re-tightened. 
Once the synthesis of a DNA fragment is completed in 
one of the discs^, its chamber is set to the empty 
position, the remaining four narrow bores of the disc 
maintaining the four connecting ducts for the extension 
of the DNA segments in the other reaction discs. 

On conclusion of the synthesis of all the DNA segment 
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in the individual reaction discs, the apparatus is dis- 
mantled and the frit 12 removed whereafter the support material 
with the synthesized nucleotide sequence adhering is 
removed. After the buffer groups have been separated 
and released from the support material the required r 
unbuffered DNA segments are obtained in pure form 
from the crude mixtures by a suitable purification 
process. 

In order that the individual rotation of the individual 
reaction discs may be confined to the appropriate angular 
.steps of 72° , at least visible markings must be provided. 
x r i S hoover, preferable to provide a click-stop 
mechanism for the correct angular settings,* 

The apparatus may be operated manually or mechanically 
with suitable drive means. The latter operation can 
also be combined with a program control. 

The apparatus described as an example above consists 
of reaction discs of a diameter of about 60 mm and 
a thickness of about 10 mm. As already stated, the 
bores 14 have a diameter of about 1 nun. The reaction 

chambers have a diameter of about. 6 mm. TUMP d i mensions 

are, however, relevant only in connection with a specific 
synthesis program. Apparatus having the same synthesis 
and functional principle may be of dimensions which 
can be selected within wide limits and, in particular. 
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be much larger than the example described. The number 
of bores per disc can be larger than the abo*'- -yr-wplc. 
This is important, for example, in the case of peptide 
synthesis . 

The shape of the discs and, in particular, the 

reaction chambers is, ol course, in no way limited 
to the exemplified embodiment. It would be possible, 
for example, to replace the circular arrangement of 
bores on circular discs by a linear arrangement of _ 
bores and accordingly provide a linear displacement of 
the discs instead of rotation. 
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THE EMBODIMENTS 07 THE INVENTION IN KHICH A>. EXCLUSIVE 
PROPERTY OH PRIVILEGE IS CXAXXED ARE DEFINED A£ FOLIjOWS 

1. Apparatus for performing chemical reaction 
sequences, characterised by: 

a first number n of reaction di^cs which are 
superposed, in the f orm - of a stack and are individually 
displaceable relatively to one anottier, 

. means for defining the displacement in a second 
number a of identical steps, 

Q continuous bores disposed in the discs at the 
step distances rroa one another, one of the bores being 
widened out per disc to form a reaction chamber, 

. • means for retaining a support material in the 
reaction chamber on the flow of 2 *f^fff'agent ffiffltHfoTfghr' 

and concentric grooves in the undersides of the 
reaction discs around the bores, the grooves containing 0- 
ringR . 

2. Apparatus according to claim l f .characterised 
in that the reaction dines are circular and rctatable 
relatively to one another and the bores %r« p'tr.n *3i«fprs>cd 
on them in the form of a circle. 

3. Apparatus according to claim 2, characterised 
in that the *tep distances are identical angle st-;^. 

4. Appsritu- « — ording to claim 1, characterised 
in that the means for retaining the auppc:t material in 
the reaction chamber are frit* dispose* in appropriate 
recesses in the reaction chamber. 
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